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(54) TEMPERATURE-SENSITIVE SENSOR AND ELECTRONIC APPARATUS USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a temperature-sensitive 
sensor of a small specific resistivity and a high reliability by 
dispersing at a temperature-sensitive layer, a conductive powder 
to a mixture of a copolymer resin of a flexible monomer, a 
hydrophobic monomer and a monomer having a glycidyl group and a 
setting agent. 

SOLUTION: A temperature-sensitive film 4 is formed on an 
insulating substrate 1 having electrodes 2, 3. The temperature- 
sensitive film 4 is obtained by adding a setting agent to a flexible 
resin and dispersing a conductive powder. The flexible resin is an 
epoxy resin obtained by using a tetrahydrofurfuryl (metha) acrylate 
and copolymerizing a vinyl monomer with a vinyl monomer having 
an epoxy group (glycidyl methacrylate). Moreover, the setting agent 
for the epoxy resin is used to improve a reproducibility. An addition 
quantity of the conductive particles is in a range of approximately 
30-50 V% to a quantity of the resin. A rate of change decreases 
when the quantity exceeds an optimum value and, an initial 
resistance value rises to worsen a recovery efficiency if the 
quantity is small. A temperature-sensitive sensor of a high 
performance and a high reliability is thus obtained. 
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JPO and NCIPI are not responsible for any 
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3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The resin to which it comes to carry out copolymerization of the monomer which has flexibility, the 
monomer which has hydrophobicity, and the monomer which has a glycidyl group, and the therms sensor in 
which the temperature-sensitive layer which distributed conductive powder into the mixture of a curing agent 
was formed. 

[Claim 2] The therms sensor according to claim 1 characterized by the monomer which has flexibility being 
tetrahydrofurfuryl acrylate or methacrylate. 

[Claim 3] The therms sensor according to claim 1 characterized by being the acrylate or methacrylate in which 
the monomer which has hydrophobicity contains a fluorine. 

[Claim 4] The therms sensor according to claim 1 characterized by the monomer which has a glycidyl group 
being glycidyl acrylate or glycidyl methacrylate. 

[Claim 5] The therms sensor according to claim 1 characterized by a curing agent being a curing agent for 
epoxy resins. 

[Claim 6] The therms sensor according to claim 1 characterized by conductive powder being metal powder. 
[Claim 7] Electronic equipment using a therms sensor according to claim 1. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the electronic equipment using the therms sensor and it from 

which resistance changes according to a temperature change. 

[0002] 

[Description of the Prior Art] In the circuit of electronic equipment, such as a personal computer, use of the 
thermistor with which resistance increases rapidly at the temperature which exists in order to prevent an 
overcurrent, and a thermo-sensitive device is increasing. Furthermore, it is used also for the overheating 
breakage prevention at the time of short of a rechargeable battery. Since it carries in small electronic equipment 
in it, the carbon / polyethylene composite indicated by the U.S. Pat. No. 4,238,812 specification are put in 
practical use by small and the field to be chip-ized. 
[0003] 

[Problem(s) to be Solved by the Invention] When carbon was made into an electric conduction particle, since 
specific resistance was high compared with a metal, it was difficult to apply to the power circuit which uses a 
high current, and a component with more low specific resistance was desired. 

[0004] A production process is still easier and the request to the component of high-reliability and low cost is 
also strong. This invention tends to offer the electronic equipment by which specific resistance used the therms 
sensor of high-reliability and low cost, and its therms sensor small, in order to solve the above-mentioned 
technical problem. 
[0005] 

[Means for Solving the Problem] This invention offers the thermo-sensitive device which can be manufactured 
by the simple method of carrying out spreading afterbaking hardening of the coating which distributed 
conductive powder on a substrate. 

[0006] The electric conduction mechanism holds the condition of low resistance with much contact of the 
distributed electric conduction particles below with the glass transition temperature of (1) polymer. (2) If 
temperature rises and glass transition temperature is exceeded, expansion of a polymer became large and consist 
of contact of electric conduction particles decreasing. When glass transition temperature is exceeded and 
temperature rises further, contact of electric conduction particles decreases extremely and will be in a high 
resistance condition. And if it returns to a room temperature, it will return to the original contact condition by 
contraction of a polymer, and will return to the condition of low resistance. 

[0007] In order to fulfill such a property, the binder system for therms sensors used by this invention must have 
glass transition temperature near 100-150 degree C, and its expansion coefficient more than glass transition 
temperature must be twice [ more than ] as large as the time of a room temperature. It cannot be 
overemphasized that it is required to excel in the return nature at the time of a temperature fall furthermore, and 
to excel in dispersibility with an electric conduction particle and the adhesive property over various substrates. 
[0008] this invention persons do their best in development of the flexible polymer which fills these the demands 
of many wholeheartedly, and reach this invention. That is, if required, the monomer which has 
tetrahydrofurfuryl (meta) acrylate and a glycidyl group, and the new polymer to which copolymerization of the 
fluorine content monomer was carried out will be made to distribute an electric conduction particle, the curing 
agent for epoxy resins is added, and it considers as a coating. A therms sensor with sufficient repeatability can 
be manufactured by carrying out spreading afterbaking hardening on a substrate. 
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[0009] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained using an 
attached drawing. 

[0010] (Gestalt 1 of operation) The plan in which drawing 1 shows the gestalt of 1 operation of the therms 
sensor of this invention, and drawing 2 are these sectional views. 

[0011] The electrode of Kushigata which consists of an insulating substrate which 1 becomes from a ceramic 
etc., and silver prepared as phase opposite carried out in 2 and 3 on an insulating substrate 1 in drawing 1 and 
drawing 2 , and 4 are the temperature-sensitive film formed on the insulating substrate 1 in which these 
electrodes 2 and 3 were formed, and this temperature-sensitive film 4 adds a curing agent to the flexible 
polymer of this invention, and has the composition of having made this distributing conductive powder. 5 and 
are the leads connected to the above-mentioned electrodes 2 and 3. 

[0012] By using the temperature-sensitive film 4 which made the flexible polymer distribute conductive powc 
as mentioned above, it detects as change of the contact resistance between the conductive powder which had 
expansion by the temperature change of a flexible polymer, and contraction distributed, i.e., electric resistance 
[0013] It was found out by using tetrahydrofurfuryl (meta) acrylate as indicated by JP,62-22097,B as flexible 
resin of the temperature-sensitive film 4, and the new epoxy resin to which copolymerization of the vinyl 
monomer which has an epoxy group in a vinyl monomer was carried out being suitable, and using the curing 
agent for epoxy resins further with the above-mentioned configuration, that repeatability is acquired, this 
invention persons result in this invention the therms sensor which has the combination of the new resin systen 
in which resistance increases rapidly among 100 degrees C - 150 degrees C, and an electric conduction particl 
as a result of continuing examination wholeheartedly. 

[0014] The description is in the point of applying and drying, stiffening new flexible resin on the substrate 
which formed the electrode after adding and coating-izing a curing agent and an electric conduction particle, 
and obtaining a temperature sensitivity paint film. According to this producing method, it becomes possible tc 
realize a miniaturization and low cost. In order to increase hydrophobicity if needed furthermore, 
copolymerization of the fluorine content monomer can be carried out. As a monomer of a polymer raw maten 
which gives the flexibility used in this invention, although tetrahydrofurfuryl (meta) acrylate is possible, 
tetrahydrofurfuryl methacrylate is more more desirable from a copolymeric point. As a vinyl monomer which 
has an epoxy group, glycidyl (meta) acrylate etc. is suitable for the vinyl monomer. The compound which 
contains 2-5 fluorines per monad as acrylate (meta) containing a fluorine, and the compound which has 3-4 
pieces preferably are chosen. Trifluoro ethyl (meta) acrylate, tetrafluoro propyl (meta) acrylate, pentafluoro 
propyl (meta) acrylate, etc. are specifically raised as a fluorine content compound. 

[0015] In order to give flexibility further, it is also possible to add aliphatic series (meta) acrylate, such as oth 
monomers, for example, tetrahydrofurfuryl (meta) acrylate, 2-ethylhexyl (meta) acrylate, lauryl (meta) acryla 
and tridecyl (meta) acrylate. Although it is fundamentally [ all ] usable if it is a curing agent for epoxy resins 
a curing agent, aromatic series diamine, 4 [ for example, ], and 4 f -di amino diphenylmethane, aliphatic series 
diamine, 1 [ for example, ], 12-diamino dodecane, etc. are used preferably. Furthermore, aromatic series 
diamine and aliphatic series diamine may be used together. As conductive powder, those mixture can be used 
for metal powders, such as silver dust and copper powder, and a pan. 3-5-micron spherical powder of particle 
size is preferably desirable 1 microns or more at 10 microns or less. The shape of a flake and dendritic power 
can also be added for the repeatability of resistance. 

[0016] The addition of an electric conduction particle is chosen by 30 - 50V% of within the limits to the amoi 
of resin, takes into consideration resistance, its desired rate of a temperature change, and desired return nature 
and is determined. If an optimum value is exceeded, rate of change will fall, and if few, while initial resistanc 
will go up, the return nature to a temperature change worsens. After being easy to add the resin of the above- 
mentioned presentation, an electric conduction particle, a curing agent, and the solvent of the need minimal 
dose and making it distribute, on the electrodes 2 and 3 of Kushigata beforehand prepared on the insulating 
substrate 1, the laminating of the therms sensor of this invention is carried out, it carries out heat hardening, a 
is manufactured. Thus, as electrodes 2 and 3 of the therms sensor obtained, a conductive paste and the usual 
electrode material can be used. 

[0017] Hereafter, this invention is explained using a still more concrete example. 
[0018] 
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[Example] (Example 1) Azobisisobutyronitril (azobisuisobutironitoriru) 0.5g was dissolved in cyclohexanone 
106. 5g as tetrahydrofurfuryl acrylate 62.48g, glycidyl methacrylate 8.54g, and a polymerization initiator, in the 
nitrogen air current, it heats for 5 hours, copolymerization was carried out, and 80 degrees C of polymer 
solutions were obtained. Spherical silver dust (3-4 microns of mean diameters)g [ 8 ] and 4 and 4'-diamino 
diphenylmethane (DDM) 0.2g may be added to 4.5g (40 % of the weight of solid content concentration) of this 
resin solution as a conductive particle, and it mixes. Next, kneading distribution is enough carried out with 3 
rolls, and it considers as a paste. The paste obtained on the insulating substrate of the ceramic in which the 
Kushigata silver electrode shown in drawing 1 R> 1 was formed was applied, heat hardening was carried out at 
150 degrees C for 1 hour, and the therms sensor was produced. 

[0019] The temperature-sensitive property of a therms sensor is shown in drawing 3 . An axis of abscissa is [ an 
axis of ordinate ] the resistance between terminals at temperature. The curve of A is the temperature-sensitive 
property of an example 1. 

[0020] (Example 1 of a comparison) 8g (mean particle diameter of 3-4 microns) of spherical silver dust may be 
added as an epoxy resin as Epicoat 806 (oil-ized Shell Epoxy company trade name) 1.25g, DDM0.75g of a 
curing agent, and a conductive particle, and it mixes. Next, after carrying out kneading distribution with 3 rolls, 
the therms sensor was produced like the example 1. In addition, thickness was applied so that it might become 
almost equivalent. B curve of drawing 3 is the temperature-sensitive property of the example 1 of a comparison. 

[0021] (Example 2) azobisuisobutironitoriru0.58g was dissolved in cyclohexanone 77.57g as tetrahydrofurfuryl 
methacrylate 57.87g, tetrafluoro ethyl methacrylate 11.16g, glycidyl methacrylate 8.54g, and a polymerization 
initiator, in the nitrogen air current, it heats for 5 hours, copolymerization was carried out, and 80 degrees C of 
polymer solutions were obtained. 

[0022] 8.3g (3-4 microns of mean diameters) of spherical silver dust and DDM0.21g may be added as a 
conductive particle, benzyl alcohol 0.8g may be added to 2.98g (50 % of the weight of solid content 
concentration) of this resin solution as a solvent, and it mixes. Next, kneading distribution is enough carried out 
with 3 rolls, and it considers as a paste. The therms sensor was produced like the example 1 using this paste. 
[0023] It was 1%, when it was left in the tub of 95% of relative humidity RH for 24 hours and the resistance 
R/C was evaluated, in order to see the change in resistance by moisture absorption of the produced therms 
sensor. 

[0024] (Example 2 of a comparison) azobisuisobutironitoriru0.58g was dissolved in cyclohexanone 76.62g as 
tetrahydrofurfuryl methacrylate 68.08g, glycidyl methacrylate 8.54g, and a polymerization initiator, in the 
nitrogen air current, it heats for 5 hours, copolymerization was carried out, and 80 degrees C of polymer 
solutions were obtained. 

[0025] The therms sensor was produced like the example 2 using this resin solution (50 % of the weight of solid 
content concentration). The rate of a change in resistance by moisture absorption of this therms sensor was 3%. 
[0026] it is clearer than drawing 3 the rate's [ of a change in resistance ] by the temperature of the therms sensor 
of an example 1 for it to be markedly alike and to excel compared with the case of the example 1 of a 
comparison. This originates in the difference in a flexible polymer. Furthermore, in the example 2, since it has 
the fluorine atom in polymer intramolecular, and hygroscopicity becomes small from the example 2 of a 
comparison, the resistance rise is small. 

[0027] As stated above, the therms sensor of this invention is the unique temperature-sensitive sensor that it can 
manufacture by the engine performance, dependability, and printing. 

[0028] Although the characterization of this invention carried out about the paint film on the Kushigata 

electrode, the same effectiveness was acquired also by sandwich structure. 

[0029] 

[Effect of the Invention] This invention offers the therms sensor of low cost with high performance and high- 
reliability as mentioned above by applying and carrying out heat hardening of the paste which made the new 
flexible epoxy resin contain spherical electric conduction metal particles. 
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(54) TEMPERATURE-SENSITIVE SENSOR AND ELECTRONIC APPARATUS USING THE 
SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a temperature- 
sensitive sensor of a small specific resistivity and a high 
reliability by dispersing at a temperature-sensitive layer, 
a conductive powder to a mixture of a copolymer resin 
of .a flexible monomer, a hydrophobic monomer and a 
monomer having a glycidyl group and a setting agent. 
SOLUTION: A temperature-sensitive film 4 is formed on 
an insulating substrate 1 having electrodes 2, 3. The 
temperature-sensitive film 4 is obtained by adding a 
setting agent to a flexible resin and dispersing a 
conductive powder. The flexible resin is an epoxy resin 
obtained by using a tetrahydrofurfuryl (metha) acrylate 
and copolymerizing a vinyl monomer with a vinyl 
monomer having an epoxy group (glycidyl methacrylate). 
Moreover, the setting agent for the epoxy resin is used 
to improve a reproducibility. An addition quantity of the 
conductive particles is in a range of approximately 30-50 
V% to a quantity of the resin. A rate of change 
decreases when the quantity exceeds an optimum value 

and, an initial resistance value rises to worsen a recovery efficiency if the quantity is small. A 
temperature-sensitive sensor of a high performance and a high reliability is thus obtained. 
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